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ABSTRACT 
 
 
 
The use of conventional fossil fuels has emitted a large amount of CO2 that 
contribute towards enhanced greenhouse gas effect. Thus, a green alternative fuel 
should substitute the conventional one as a natural way to reduce the emissions of 
CO2. In this present study, water hyacinth (Eichhornia crassipes) biomass briquette 
in combination of palm oil mill residues of empty fruit bunch (EFB) fiber was used 
as the green combustion in coal-fired boilers. Blending ratio of water hyacinth and 
empty fruit bunch (EFB) fibers (25:75, 50:50, 75:25, 90:10) were used to determine 
an optimum ratio of waste materials that led to high calorific value, good fuel 
properties, and less toxic emissions. 100% of water hyacinth briquette act as a 
reference for this study while the moisture, ash content and calorific value of 
biomass briquette were compared with commercial sawdust briquettes. As part of the 
densification process, the waste material was pulverized and compacted into 41 mm 
diameter mould. The calorific value, proximate analysis and gas emissions were 
studied comprehensively. The result of calorific value (4101.5 ± 120.2 cal/g) shows 
that the blending ratio of 25:75 water hyacinth and EFB was significantly different 
(p<0.05). Proximate analysis of 25:75 briquette ratio shows a significant difference 
of moisture content (9.3 ± 0.03%), ash content (3.73 ± 0.54%) and volatile matter 
content (70.87 ± 1.02%). Combustion test shows that the least emissions of CO2 was 
obtained by 25:75 blending ratio (0.23 ± 0.33%) with 39% reduction emission of 
CO2 compared to coal. Thus, in this study, 25:75 blending ratio showed the optimum 
blending ratio of biomass briquette to be applied as alternative energy fuel in coal 
power plant. In conclusion, the combination of water hyacinth and empty fruit bunch 
biomass briquette can become a good source of alternative energy fuel to mitigate the 
emission of greenhouse gaseous towards the environment. 
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ABSTRAK 
 
 
 
 
Penggunaan bahan api fosil konvensional telah membebaskan sejumlah besar 
karbon dioksida (CO2) yang menyumbang ke arah peningkatan kesan gas rumah 
hijau. Oleh itu, bahan api alternatif mesra alam harus diganti dengan yang 
konvensional sebagai salah satu cara semula jadi untuk mengurangkan pelepasan 
CO2. Di dalam kajian ini, briket biojisim keladi bunting (Eichhornia crassipes) 
dengan gabungan serat tandan buah kosong (TBK) dari sisa-sisa kilang minyak 
kelapa sawit telah digunakan sebagai pembakaran hijau dalam dandang arang batu. 
Nisbah keladi bunting dan serat tandan buah kosong (TBK) 25:75, 50:50, 75:25 dan 
90:10 telah digunakan untuk menentukan bahan buangan optimum yang membawa 
kepada nilai kalori yang tinggi, sifat bahan api biojisim yang baik dan kurang 
membebaskan gas-gas toksik. 100% briket keladi bunting bertindak sebagai briket 
rujukan dalam kajian ini manakala kadar air, kadar abu dan nilai kalori briket 
biojisim dibandingkan dengan nilai yang dihasilkan oleh briket habuk kayu 
komersial. Sebagai sebahagian daripada proses pemadatan, biojisim telah dihaluskan 
dan dipadatkan ke dalam acuan bersaiz 41 mm diameter. Nilai kalori, analisis 
proksimat dan pembebasan gas telah dikaji secara komprehensif. Keputusan nilai 
kalori (4101.5 ± 120.2 cal/g) menunjukkan bahawa nisbah campuran 25:75 keladi 
bunting dan EFB menunjukkan perbezaan yang signifikan (p<0.05). Analisis 
proksimat mendapati bahawa pembakaran briket biojisim 25:75 menunjukkan 
keputusan kadar air (9.3 ± 0.03%), kadar abu (3.73 ± 0.54%) dan kadar volatil (70.87 
± 1.02%) yang mempunyai perbezaan signifikan. Ujian pembakaran menunjukkan 
bahawa pembebasan gas CO2 yang paling rendah (0.23 ± 0.33%) telah ditunjukkan 
oleh 25:75 briket biojisim dengan 39% pengurangan gas CO2 berbanding arang batu. 
Oleh itu, dalam kajian ini, 25:75 nisbah campuran menunjukkan nisbah pencampuran 
briket biojisim yang optimum untuk digunakan sebagai bahan tenaga api alternatif di 
loji kuasa arang batu. Kesimpulannya, gabungan keladi bunting dan tandan buah 
kosong briket biojisim mampu berfungsi sebagai sumber bahan tenaga api alternatif 
yang baik untuk mengurangkan pelepasan gas rumah hijau ke alam sekitar. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
  
1.1 Background of the Study 
 
Malaysia has been using natural gas, coal, hydroelectricity, biomass as well 
as petroleum and other liquids as its energy consumption (Energy Information 
Administration, 2014).  The remarkably increased demand in energy shows the 
increasing activities of industrial, agricultural and domestic sectors. Besides, 
environmental concerns keep on growing, and one of the major problems of the 
present and future of the world community is the predictable global depletion of 
energy.  Hence, alternative energy becomes the priority in today’s world energy 
besides being relied on the depleting fossil fuels.  
 
 Apart from that, global warming has been long discussed issues by the 
environmental engineers and the environmentalists, but the enforcement on 
mitigating this issue is still lacking.  Industries keep on emitting toxic emissions and 
uncontrolled used of fossil fuels might give harm towards the environment in the 
near future.  Moreover, coal power plant has been using coal for the electricity 
generation, and the environmental impact are becoming very worst (Basu et al., 
2011).  Therefore, attention towards biomass conversion into substitute solid biofuel 
has been proposed. Blending of biomass with coal in the existing coal fired boilers 
will provide among the most effective means of reducing the net CO2 emissions from 
coal-based power plant. 
! 2 
Indeed, this is the cheap way of biomass utilization as it presents renewable 
and CO2 neutral energy. Substituting materials to replace coal and other decreasing 
natural fuel resources can be majorly derived from plants. This natural biomass can 
be converted into hydrocarbons and biofuels (Hori, 2000).  It would be ultimately 
beneficial to obtain energy from inedible biomass like water hyacinth.  Besides, 
water hyacinths (Eichhornia crassipes)  can multiply until 1200 plants within a 
period of about 130 days (Hori, 2000).  Leaves of water hyacinth consist of 
hemicellulose and cellulose, which are the good element in the production of 
briquette. 
 
At the local market, sawdust briquettes, wood residues and rice husk 
briquettes are among the commercial biomass briquettes. In Malaysian market, 
commercial sawdust briquette is the first to be introduced as briquette (Nasrin et al., 
2008).  However, due to the competitiveness with the cheap wood, charcoal and 
kerosene, sawdust briquettes are exported to the international market.  As for millers, 
densification of palm biomass is a new thing for them.  Thus, substituting the low 
supply of sawdust and wood residues for briquette and charcoal briquette with palm 
biomass briquette has been a great effort to fully utilise the waste (Nasrin et al., 
2008).  
 
Malaysia has a vast amount of palm oil mill residues that are loosely bounded 
and low in energy density (Nasrin et al., 2011).  From the milling process of palm oil 
waste, empty fruit bunch is the main solid waste which is suitable to be used as an 
alternative energy for combustion purposes.  By utilising the abundant waste of EFB, 
dump areas near the mill can ultimately be reduced.   Briquetting the poor physical 
properties of empty fruit bunch (EFB) is one of the method to upgrade the biomass 
into a useful solid fuel.  This can be done through various technology (Yuhazri et al., 
2012). 
 
Besides, by mixing dried water hyacinth biomass with a portion of waste 
from palm oil mill, the combustion properties of biomass briquette can be enhanced 
and indirectly affect its energy production (Nasrin et al., 2011).  Thus, it is 
predictable that the combination of dried water hyacinth biomass with co-other waste 
! 3 
briquette (palm oil mill waste) can be applied in coal-fired boilers at the existing coal 
power plant.  In conclusion, biomass bio-briquette is non-conventional energy source 
of biomass bio-briquette, an eco-friendly waste product and economical renewable in 
nature product which does not polluted the environment. 
 
 
1.2 Problem Statement 
 
Apparent degradation of the environment shows the increasing human 
activities across the world.  Environmental problem is not about dealing with the 
polluted water, but also encompassing the nature as a whole.  It includes the toxic 
gases emissions, greenhouse effect, ozone depletion as well as acid precipitation that 
later can cause a tremendous impact to the environments.  Those phenomenons 
obviously contribute towards the unhealthy ecosystem. 
 
Moreover, fossil fuels have been utilized for many years and until now it has 
become an adverse towards the environment and the burning of fossil fuels itself 
release toxic gases.  The combustion of fossil fuels in all kinds of sectors and 
industries as well as from a coal power plant contribute towards those emissions.    It 
is also important to understand that the burning of fossil fuels in coal power plant 
also makes coal plant as nation’s top source of carbon dioxide (CO2) emissions and 
indirectly contributes towards global warming.   
 
Mann and Spath (2001) reported that coal burning by the coal-fired power 
plant contributed more than 89% of CO2 emission for the entire system.  Besides 
carbon dioxide, methane and N2O (nitrous oxide) also are the potential global 
warming contributors.  Apart from that, Mann and Spath (2001) also stated that the 
availability of biomass in coal power plant is not for the cofiring purpose.  Thus, 
carbon cycle does not occur and this condition could contribute towards higher 
emission of greenhouse gas and lead to the global warming potential. 
 
! 4 
As the third largest primary energy resource in the world goes to biomass 
after coal and oil, much attention has also been focused on identifying suitable 
species of certain biomass in providing great energy outputs for replacing 
conventional fossil fuel energy sources.  Those sources of energy can ultimately be 
obtained from tons of agricultural waste that was being sent to landfill. 
 
In achieving sustainable environment, long term actions should be strategised 
and well conducted.  Thus, the most efficient and effective solution is to turn into 
renewable energy resources that will give benefits towards the reduction of the 
polluted environment as well as sustaining the environment (Dincer, 2000).  By 
relating renewable energy and sustainable environment, biomass possesses the 
ultimate potential towards contributing the future energy supply (Berndes et al., 
2003).  
 
 
1.3 Objectives of the Study 
 
1. To determine the fuel properties of biomass briquette at different mixing  
composition ratios. 
2. To estimate the calorific value of biomass briquette based on different mixing    
ratios. 
3. To analyse the gaseous emissions of the biomass briquette during combustion. 
 
 
1.4 Scope of the Study  
 
The study fully utilized water hyacinth biomass briquette by combining with 
palm oil mill waste of empty fruit bunches (EFBs) as co-combustion, as an 
alternative choice for green burning energy sources. Cassava starch was used as 
binding agent in biomass briquette production.  Source of empty fruit bunches (EFB) 
fiber was taken from palm oil mill in Kulai, Johor.  The main idea of the study is to 
! 5 
help in the reduction of greenhouse gas (GHG) emissions via the combustion of 
biomass briquette with the existing coal material in coal fired boilers.  
 
Water hyacinth plant was selected, and proper setting up of culturing and 
harvesting areas was conducted to grow the biomass effectively.  In this study,  the 
common water hyacinth (Eicchornia crassipes) species was chosen for biomass solid 
fuel (briquette).  The purpose is not only due to its easy accessed and cultured, but  
its about the benefits of utilising ecosystem surplus of water hyacinth itself.  The 
matured growth of biomass was being investigated and ready for harvesting period.  
Next, biomass preparation of biomass briquette of water hyacinth and empty fruit 
bunch fibers was conducted for the briquetting process.  The best ratio that fulfills 
the biomass briquette combustion for co-combustion in coal-fired boilers was 
selected.  
 
The combustion characteristics of  biomass briquette of water hyacinth: 
empty fruit bunch fibers are moisture content, volatile matter, ash and fixed carbon.  
All blending ratios were compared with 100 percent water hyacinth briquette.  Next, 
calorific value of each briquette was determined.  The calorific value of densified 
biomass briquette is the key indicator in measuring the energy in biomass fuel. 
Besides, the gaseous emission from each briquette in open combustion was 
evaluated.  Hence, from this study, the desired biomass briquette blending ratio could 
become a co-combustion agent to the coal fired boilers for mitigating the emission of 
toxic gaseous.   
 
 
1.5 Significance of the Study 
 
Biomass briquette from the combination of dried water hyacinth and palm oil 
waste can be applied as biomass-coal co-combustion.  It presents a near-term, low-
risk, low-cost and sustainable renewable energy option that promises reduction of 
toxic gases during the burning processes.  By biomass briquetting, the portion of 
biomass waste is fully utilized apart from being disposed that will undergo 
! 6 
decomposition process.  Hence, the production of toxic gases from fossil fuel 
burning and emission factor due to biomass decomposition can be reduced. 
 
There are several privileges in the production of biomass briquette, which can 
be supplemented coal-fired boilers in coal power plant.  Blending of biomass with 
coal in the existing coal-fired boilers will provide among the most effective means of 
reducing the net CO2 emissions from coal-based power plants.  Furthermore, this is 
one of the cheap way of biomass utilisation, and the biomass combustion itself 
presents renewable and CO2-neutral energy.  Coal combustion promotes high 
atmospheric carbon dioxide due to only one-way geological transfer of carbon 
towards the atmosphere.  Thus, it is different with biomass combustion that absorbs 
the atmospheric carbon dioxide during its growth and then the CO2 is emitted back 
towards the atmosphere during the combustion process (Demirbas, 2004).  Thus, it 
helps to reduce the build up of CO2.  
 
For most of the countries, their main source of energy has been fossil fuels. 
The use of fossil fuels is not sustainable as this is a non-renewable source of energy.  
Thus, in providing partial substitution of fossil fuels, biomass combustion has the 
potential to be carbon dioxide (CO2) neutral compared to the burning of fossil fuels 
alone that will contribute towards “greenhouse” effect.  Biomass briquette is one of 
the alternative of renewable energy for a healthy environment and economy.  
 
In Malaysia, the demand for energy is getting higher and higher with the 
increasing amount of population.  Thus, low cost of alternative energy fuel from 
renewable energy is the sensible option to cope with the high demand of energy.  The 
effort of utilizing the benefits of renewable energy is in-line with the Fifth-Fuel 
Policy under the 8th and 9th Malaysian plan, Energy Efficiency in Commercial 
Buildings (MS1525), The Kyoto Protocol, the Malaysian Building Integrated 
Photovoltaic Programme (MBIPV), and Biomass (Haw et al., 2006).  
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1.6  Thesis Overview 
 
 In chapter 2, an overview on the characteristics of water hyacinth (Eicchornia 
crassipes) together with its application was given.  Besides, the overview also 
includes the energy potential of water hyacinth biomass.  The proposed water 
hyacinth biomass is to replace a portion of coal in coal-fired boilers as to mitigate the 
greenhouse gases.  Thus, an overview about the coal burning issues and its impact 
towards the environment was also informed.   
 
Moreover, the solution was also given by explaining on the biomass-coal 
blending as the target in coal fired power plant with empty fruit bunch (EFB) fibers 
as the co-combustion.  The specific portion of biomass fuel properties was needed in 
order to avoid any big problems inside the coal fired boilers due to the alkaline 
content of biomass.  Besides, an overview of briquetting process also was informed.  
Besides traditional process of briquetting, the existing briquetting technology was 
informed in this chapter. 
 
  While in Chapter 3, the experimental methodology on the biomass 
preparation of WH and EFB was explained, as well as the flow of briquetting process 
of biomass bio-briquette.  The description given in the experimental procedure used 
in Chapter 4 was for the purpose of the reproducible manufacture of briquettes for 
blending with coal in coal fired power plant.  Chapter 3 provides a means by which 
the biomass fuel properties, calorific value and its toxic gas emissions from different 
blending ratios can be compared.  
 
 Chapter 4 discussed on the results of each biomass fuel properties, the 
heating value gained in this study and the toxic emission from each blending ratios.  
The significant results were compared with the reference briquette in this study, and 
also the commercial briquette was compared with the moisture content, ash content 
and calorific value of WH: EFB biomass bio-briquette.  The overview for the last 
chapter 5 includes the conclusion of this study and the recommendations made for 
the future work of this study.!
REFERENCES 
 
Aho, M. (2002). Benefits of biomass and coal co-combustion in fluidised bed boilers. 
12th European conference on biomass for energy, industry and climate 
protection. 17-21 June. Amsterdam: The Netherlands. 
Abas, R., Kamaruddin, M. F., Nordin, A. B. A and Simeh, M. A. (2011). A study on 
the Malaysian palm oil biomass sector – supply and perception of palm oil 
millers. Oil Palm Industry Economic Journal. 11 (1), 28-41. Malaysian Palm 
Oil Board. 
Abdullah, N., Gerhauser, H and Bridgwater, A. V. (2007). Bio-oil from fast pyrolysis 
of oil palm empty fruit bunches. J Phys Sci, 18 (1), 57-74. 
Akowuah, J. O., Kemausuor, F and Mitchual, S. J. (2012). Physico-chemical 
characteristics and market potential of sawdust charcoal briquette. IJEEE. 3 
(20), 2-6.  
Amaya, A., Medero, N., Tancredi, N., Silva, H and Deiana, C. (2007). Activated 
carbon briquettes from biomass materials. Bioresour Technol. 98, 1635-1641.  
Bafver, L. S., Leckner, B., Tullin, C and Berntsen, M. (2011). Particle emissions 
from pellets stoves and modern and old-type wood stoves. Biomass Bioenerg. 
35, 3648-3655. 
Bamgboye, A. I and Bolufawi S. J. Physical Characteristics of Briquettes from 
Guinea corn (sorghum bi-color) Residue. Agricultural Engineering 
International: CIGR Ejournal. Manuscript 1364. 
Barret, S. C. H. (1989). Waterweed invasions. Sci Am. 260, 90-92. 
Basu, P. (2010). Biomass gasification and pyrolysis: practical design. United 
Kingdom: Elsevier Inc. 
!
!
89 
Basu, P., Butler, J and Leon, M. A. (2011). Biomass co-firing options on the 
emission reduction and electricity generation costs in coal-fired power plants. 
Renew Energy. 36, 282-288. 
Baxter, L. (2005). Biomass coal co-combustion: opportunity for affordable 
renewable energy. Fuel. 84, 1295-1302. 
Bazmi, A. A., Zahedi, G and Hashim, H. (2011). Progress and challenges in 
utilization of palm oil biomass as fuel for decentralized electricity generation. 
Renew Sust Energy Rev. 15 (1), 574-583. 
Bernama. (2013, October 2). TNB to build two coal fired power plants in Manjung.  
The Star. Retrieved on August 26, 2014, from 
http://www.thestar.com.my/Business/Business-News/2013/10/02/TNB-to-
build-two-coal-fired-power-plants-in-Manjung/ 
!
Berndes, G., Hoogwijk, M and Broek, R. V. D. (2003). The contribution of biomass 
in the future global energy supply: a review of 17 studies. Biomass Bioenerg. 
25, 1-28. 
 
Bhattacharya, A and Kumar, P. (2010). Water hyacinth as a potential biofuel crop. 
Electr J Environ Agr Food Chem. 9 (1), 112-122. 
Bergier, I., Salis, S. M., Miranda, C. H. B., Ortego, E and Luengo, C. A. (2012). 
Biofuel production from water hyacinth in the Pantanal wetland. Ecohydrol 
Hydrobiol. 12 (1), 77-84. 
Biomass energy centre. (2011). Effect of moisture content in biomass material. 
Retrieved on October 25, 2014, from 
http://www.biomassenergycentre.org.uk/portal/page?_pageid=75,17656&_da
d=portal&_schema=PORTAL 
Blesa, M. J., Miranda, J. L., Moliner, R., Izquierdo and Palacios, J. M. (2003). Low-
temperature co-pyrolysis of a low-rank coal and biomass to prepare 
smokeless fuel briquettes. J Anal Appl Pyrol. 70 (2), 665-667. 
!
!
90 
Bolenz, S., Omran, H and Gierschner, K. (2009). Treatments of water hyacinth tissue 
to obtain useful products. Biol Waste. 33 (4), 263-274. 
Borman, G. L and  Ragland, K. W. (1998). Combustion engineering. United States: 
McGraw-Hill Science. 
Boylan, D., Bush, V and Bransby, D. I. (2000). Switchgrass cofiring: pilot scale and 
field evaluation. Biomass Bioenerg. 19 (6), 411-417. 
Calle, F. R., Groot, P. D., Hemstock, S. L and Woods, J. (2012). The biomass 
assessment handbook. United States: Earthscan. 
Chen, L., Xing, L and Han, Lujia. (2009). Renewable energy from agro-residues in 
China: Solid biofuels and biomass briquetting technology. Renew Sust 
Energy Rev. 13, 2689-2695. 
Chen, X., Chen, X., Wan, X., Weng, B and Huang, Q. (2010). Water hyacinth 
(Eichhornia crassipes) waste as an adsorbent for phosporus removal from 
swine wastewater. Bioresource Technol. 101, 9025-9030. 
Chin, O. C and Siddiqui, M. (2000). Characteristic of some biomass briquettes 
prepared under modest die pressure. Biomass Bioenerg. 18, 223-228. 
Clean Air Asia. (2012). Air pollution and GHG emissions indicators for road 
transport and electricity sectors, guidelines for development, measurement 
and use. Clean Air Initiative for Asian Cities Center Inc: Philippines. 
Retrieved on November 2, 2014 from 
http://cleanairinitiative.org/portal/sites/default/files/documents/Guidelines_fo
r_AP_and_GHG_Indicators_2012_Edition.pdf 
Coal marketing international ltd. (2012). Coal basics. What is coal. Retrieved on 
June 28, 2014, from http://www.coalmarketinginfo.com/coal-basics/ 
Cohen Y, Plaut Z, Meiri A, Hadas A. (1995). Deficit irrigation of cotton for 
increasing groundwater use in clay soils. Agron. J. 87, 808-814. 
 
Cuiping, L., Chuangzhi, W., Yanyongjie and Haitao, H. (2004). Chemical elemental 
characteristics of biomass fuels  in China. Biomass Bioenerg. 27, 119-130. 
!
!
91 
Davies, R. M., Davies, O. A and Mohammed, U. S. (2013). Combustion 
characteristics of traditional energy sources and water hyacinth briquettes. 
IJSRES. 1 (7), 144-151. 
De, S and Assadi, M. (2009). Impact of cofiring biomass with coal in power plants – 
A techno-economic assessment. Biomass Bioenerg, 33 (2), 283-293. 
Demirbas, A. (2001). Biomass resource facilities and biomass conversion processing 
for fuels and chemicals. Energy Convers Manage. 42 (11), 1357-1378. 
Demirbas, A. (2003). Sustainable cofiring of biomass with coal. Energy 
Convers Manage. 44, 1465-1479. 
Demirbas, A. (2004). Combustion characteristics of different biomass fuels. Prog 
Energ Combust. 30, 219-230. 
Demirbas, A. (2005). Potential applications of renewable energy sources, biomass 
combustion problems in boiler power systems and combustion related 
environmental issues. Prog Energ Combust. 31, 171-192. 
Devore, J. and Peck, R. (2001). Statistics the Exploration and Analysis of Data 4th 
ed. Duxbury, USA. 376-389 
Dincer, I. (2000). Renewable energy and sustainable development: a crucial review. 
Renew Sust Energy Rev. 4, 157-175. 
 
Emerhi, E. A. (2011). Physical and combustion properties of briquettes produced 
from sawdust of three hardwood species and different organic binders. 
Advances in Applied Science Research, 2(6), 236-246. Pelagia Research 
Library. 
Energy Information Administration. (2014). Analysis. Retrieved on October 25, 
2014, from http://www.eia.gov/countries/cab.cfm?fips=my  
Faizal, H. M., Latiff, Z. A., Wahid, M. A and Darus, A. N. (2009). Physical and 
combustion characteristics of biomass residues from palm oil mills. New 
aspects of fluid mechanics, heat transfer and environment, 34-38. 
!
!
92 
Felfli, F. F., Mesa, J. M., Rocha, J. D., Filippetto, D., Luengo, C. A and Pippo, W. A. 
(2011). Biomass briquetting and its perspective in Brazil. Biomass Bioenerg. 
35, 236-242. 
Gabriel, A. (2011). Malaysia’s first solar power plant. Retrieved on September 21, 
2012, from 
http://biz.thestar.com.my/news/story.asp?file=/2011/2/23/business/8114613&
sec=business 
Ganguly, A., Chatterjee, P. K and Dey, A. (2012). Studies on ethanol production 
from water hyacinth – A review. Renew Sust Energ Rev. 16 (1), 966-972. 
Gardensite. (2014). Water hyacinth – floating pond plants. Retrieved November 5, 
2014 from 
http://www.gardensite.co.uk/Aquatics/Water_Hyacinth_Floating_Pond_Plant
s.htm 
Gendebien, A., Leavens, A., Blackmore, K., Godley, a., Lewin, K., Whiting, K. J and 
Davis, R. (2003). Refuse derived fuel, current practice and perspectives (B4-
3040/2000/306517/MAR/E3). Wiltshire: WRc plc.  
Ghodke, S., Kumar, R., Singh, N and Khandelwal, H. (2012). Estimation of green 
house gas emission from indian coal based thermal power plant. J Eng. 2 (4), 
591-597. 
Goswami, T and Saikia, C. N. (1994). Water hyacinth- A potential source of raw 
material for greaseproof paper. Bioresour Technol. 50, 235-238. 
Grammelis, P. (2011). Solid biofuels for energy: lower greenhouse gas alternative. 
New York: Springer.  
Grover, P. D., Mishra, S. K. (1994). Development of an appropriate biomass 
briquetting technology suitable for production and use in developing 
countries. Energ for Sustainable Development. 1(1): 45-48. Indian Institute of 
Technology. 
!
!
93 
Grover, P. D and Mishra, S. K. (1996). Biomass briquetting Technology and 
Practices. Food and agriculture organisation of the United Nations. 
Document No. 46. 
Gunnarsson, C. C and Petersen, C. M. (2007). Water hyacinth as a resource in 
agriculture and energy production: A literature review.  Waste Manage. 27 
(1), 117-129. 
 
Gupta, P., Roy, S and Mahindraka, A. B. (2012). Treatment of water using Water 
Hyacinth, Water Lettuce and Vetiver Grass - a Review. Resour Envi. 2(5): 
202-215.  
Hinman, N. D., Wright, J. D., Hoagland, W and Wyman, C. E. (1989). Xylose 
fermentation an economic analysis. Applied Biochem Biotech. 20, 392-401. 
Hon, L. M. (2010). A case study on palm empty fruit bunch as energy feedstock. 
SEGI Review. 3 (2), 3-15. 
Hori, H. (2000). The Mekong environment and development. United States: The 
United Nations University Press. 
Huhtinen, M. (2005). Wood biomass as a fuel. Retrieved on November 5, 2014, from 
www.hnee.de/_obj/CD8F42A0.../5Eures_WoodPropertiesPDF.pdf 
Husain, Z., Zainac, Z and Abdullah, Z. (2002). Briquetting of palm fibre and shell 
from the processing of palm nuts to palm oil. Biomass Bioenerg. 22, 505-509. 
Ighodalo, O. A., Zoukumor, K., Egbon, C., Okoh, S., and Odu, K. (2011). Processing 
water hyacinth into biomass briquettes for cooking purposes. JETEAS. 2(2), 
305-307. 
Ismaila, A., Zakari, I. Y., Nasiru, R., Tijjani, B. I., Abdullahi, I and Garba, N. N. 
(2013). Investigation on biomass briquettes as energy source in relation to 
their calorific values and measurement of their total carbon and elemental 
contents for efficient biofuel utilization. Appl Sci Res. 4 (4), 303-309. 
!
!
94 
Jaworek, A., Jedrusik, M., Swierczok, A., Czech, T., Sobczyk and Lackowski, M. 
(2011). Biomass co-firing: new challenge for electrostatic precipitators. Int J 
Plasma Envi Sci Technol. 5 (2), 161-167. 
Jekayinfa, S. O and Omisakin, O. S. (2005). The energy potentials of some 
agricultural wastes as local fuel materials in Nigeria. CIGR, 7, 1-10. 
International Commission of Agricultural Engineering. 
Jenkins, B. M., Baxter, L. L and Miles, T. R. (1998). Combustion properties of 
biomass. Fuel Process Technol. 54 (1-3), 17-46. 
Jin, H., Wu, F and Li, S. (2011). Combustion characteristic of coal and biomass 
blends with adding absorbing sulfur agent. Adv Mater Researc. 236-238, 441-
447. 
Johnzactruba. (2011). Coal fired thermal power plant: the basic steps and facts. 
Retrieved March 23, 2015 from 
http://www.brighthubengineering.com/power-plants/18082-coal-fired-
thermal-power-plant-the-basic-steps-and-facts/ 
!
Julien, M.H., Griffiths, M.W and Wright, A.D. (1999). Biological control of water 
hyacinth: The weevils Neochetina bruchi and N. eichhorniae: biologies, host 
ranges, and rearing, releasing and monitoring techniques for biological 
control of Eichhornia crassipes, Canberra: The Australian Centre for 
International Agricultural Research. Retrieved March 25, 2015 from 
http://aciar.gov.au/files/node/2102/MN060%20part%201.pdf 
 
Kalembkiewicz, J and Chmielarz, U. (2012). Ashes from co-combustion of coal and 
biomass: New industrial wastes. Resources, Conservation and Recycling. 69, 
109–121. Elsevier. 
Kalinauskaite, S., Sakalauskas, A., Sarauskis, E., Jasinskas, A and Ahlhaus, M. 
(2013). Relation of energy content variations of straw to the fraction size, 
humidity, composition and environmental impact. Agron Res. 11 (2), 319-
328. 
 
!
!
95 
Kaliyan, N and Morey, V. (2009). Factots affecting strength and durability of 
densified biomass products. Biomass Bioenerg. 33, 337-359. 
Kerdsuwan, S and Laohalidanond, K. (2011). Renewable Energy from Palm Oil 
Empty Fruit Bunch, Renewable Energy - Trends and Applications. Dr. Majid 
Nayeripour (Ed.).Retrieved March 22, 2015 from 
http://www.intechopen.com/books/renewable-energy-trends-and- 
applications/renewable-energy-from-palm-oil-empty-fruit-bunch  
Kim, H. J., Lu, G. Q, Naruse, I., Yuan, J and Ohtake, K. (2001). Modelling 
combustion characteristics of bio-coal briquettes. Energy Resour Technol, 
123, 27-31. 
Kreith, F. (2013). Sustainable energy sytem. (2nd ed.) CRC Press: United States. 
Kumar, A., Purohit, P., Rana, S and Kandpal, T. C. (2002). An approach to the 
estimation of the value of agricultural residues used as biofuels. Biomass 
Bioenerg. 22 (3), 195-203. 
Kunatsa T , Madiye L, Chikuku T, Shonhiwa C, Musademba D. Feasibility Study of 
Biogas Production from Water Hyacinth A Case of Lake Chivero – Harare, 
Zimbabwe. (2013). Int J Eng Technol, 3(2), 119-128. 
 
Lasure, L.L. and Zhang, M. (2004). Bioconveraion and biorefineries of the future. 
Retrieved on November 5, 2014 from 
http://www.pnl.gov/biobased/docs/biorefineries.pdf 
 
Lee, S and Shah, Y. T. (2013). Biofuels and bioenergy: processes and technologies. 
United States: CRC Press. 
 
Lee, S., Speight, J. G and Loyalka, S. K. (2014). Handbook of alternative fuel and 
technologies. (2nd ed.) United States: CRC Press. pp.476. 
Li, Y and Liu, H. (2000). High-pressure binderless compaction of waste paper to 
form  useful fuel. Fuel Process Technol. 67 (1), 11-21. 
!
!
96 
Loo, S. V and Koppejan, J. (2008). The handbook of biomass combustion and co-
firing. Earthscan : United Kingdom. 
Lu, J., Wu, J., Fu, Z and Zhu, L. (2007). Water hyacinth in China: A sustainability 
science-based management framework. Environ Manage. 40, 823-830. 
Lukacs, E. (1972). Probability and Mathematical Statistics. New York: Academic 
press. pp.184-186 
Mann, M. K., Spath, P. L. (2001). A life cycle assessment of biomass cofiring in a 
coal-fired power plant. Clean Prod Process. 3, 81-91. 
Matai, S and Bagchi, D. K. (1980). Water hyacinth: a plant with prolific 
bioproductivity and photosynthesis. Gnanam, A., Krishnaswamy, S and 
Kahn, J. S (eds.). Proceedings of the International Symposium on Biological 
Applications of Solar Energy. India, Macmillan, 144–113. 
Miller, B. G and Tillman, D. A. (2008). Combustion engineering issues. Burlington: 
Academic Press. 
Mittal, M. L. (2012). Estimates of emissions from coal fired thermal power plants in 
india. Department of Environmental and Occupational Health, University of 
South Florida, Tampa, Florida, USA. Retrieved November 3, 2014 from 
http://www.epa.gov/ttnchie1/conference/ei20/session5/mmittal.pdf 
Narayanan, K.V and Natarajan, E. (2007). Experimental studies on cofiring of coal 
and biomass blends in India. Renew Energ. 32, 2548-2558. 
Nasrin, A. B., Ma, A. N., Choo, Y. M., Mohamad, S., Rohaya, M. H and Zainal, Z. 
(2008). Oil palm biomass as potential substitution raw materials for 
commercial biomass briquettes production. Am J Appl Sci. 5 (3), 179-183. 
Nasrin, A. B., Choo, Y. M., Lim, W. S., Joseph, L., Michael, S., Rohaya, M. H., 
Astimar, A. A and Loh, S. K. (2011). Briquetting of empty fruit bunch fibre 
and palm shell as a renewable energy fuel. J Eng App Sci. 6 (6), 446-451. 
Ndimele, P. E and Jimoh, A. A. (2011). Water hyacinth (Eichhornia crassipes 
(Mart.) Solms.) in phytoremediation of heavy metal polluted water of Ologe 
Lagoon, Lagos, Nigeria. Res J Environ Sci. 5 (5), 424-433. 
!
!
97 
Nerenberg, J. (2011). Fruit tree biomass waste turns into energy source for Malaysia. 
Retrieved September 21, 2012 from 
http://www.fastcompany.com/1733054/fruit-tree-biomass-waste-turns-
energy-source-malaysia 
Nigam, J. N. (2002). Bioconversion of water-hyacinth (Eichhornia crassipes) 
hemicellulose acid hydrolysate to motor fuel ethanol by xylose–fermenting 
yeast. J Biotechnol. 97, 107-116. 
Okoye, P. C., Daddy, F and Ilesanmi, B. D. (2002). The nutritive value of water 
hyacinth (Eichhornia crassipes) and its utilisation in fish feed. National 
Institute for Freshwater Fisheries Rese. Retrieved October 28, 2014 from 
http://aquaticcommons.org/965/1/WH_065-070.pdf 
Olisa, Y. P. (2014). Utilization of palm empty fruit bunch (PEFB) as solid fuel for 
steam boiler. EJET. 2 (2), 1-7. 
Omer, A. M., and Fadalla, Y. (2003). Biogas energy technology in Sudan. Renew 
Energ. 28, 499-507.  
Onuegbu, T. U., Ekpunobi, U. E., Ogbu, I. M., Ekeoma, M. O and Obumselu, F. O. 
(2011). Comparative studies of ignition time and water boiling test of coal 
and biomass briquettes blend. IJRRAS. 7(2), 153-159. 
Oroka, F. O and Akhihiero, T. E. (2013). Fuel briquettes from water hyacinth-cow 
dung mixture as alternative energy for domestic and agro-industrial 
applications. J Energ Technol Policy. 3 (6), 56-61. 
Pandey, V. C., Abhilash, P. C and Singh, N. (2009). The Indian perspective of 
utilizing fly ash in phytoremediation, phytomanagement and biomass 
production. J Environ Manage. 90, 2943–2958. 
Parikh, J., Channiwala, S. A and Ghosal, G. K. (2005). A correlation for calculating 
HHV from proximate analysis of solid fuels. Fuel .84, 487-494. 
Parsons, W. T and Cuthberson, E. G. (2001). Noxious weeds of Australia. (2nd ed.) 
Collingwood, Australia: Csiro Publishing. 
!
!
98 
McKendry, P. (2002). Energy production from biomass (part 1): overview of 
biomass. Bioresour Technol. 83: 37-46. 
Purohit, P., Tripati, A. K., Kandpal, T. C. (2006). Energetic of coal substitution by 
briquettes of agricultural residues. Energy. 31: 1321-1331. 
PYROMEX. (n.d.). Waste to energy. Retrieved on August 26, 2014, from 
http://www.sludgefacts.org/Ref87_2.pdf 
Quaak, P., Knoef, H., Stassen, H. E. (1999). Energy from Biomass: Review of 
Combustion and Gasification Technologies. Energy series. World bank 
technical paper no 422. 3-4. 
Rafsanjani, K. A., Sarwono, M. M., Noriyanti, R. D and Kes, M. (2012). Studi 
Pemanfaatan Potensi Biomass Dari Sampah Organik Sebagai Bahan Bakar 
Alternatif (Briket) Dalam Mendukung Program Eco-Campus ! Di ITS 
Surabaya. Jurnal Teknik Pomits. 1 (1), 1-6. 
Rahman, A. A and Shamsuddin, A. H. (2013). Cofiring biomass with coal: 
opportunities in Malaysia. 4th International Conference on Energy and 
Environment 2013 (ICEE 2013). 
Sami, M., Annamalai, K and Wooldridge, M. (2001). Co-firing of coal and biomass 
fuel blends. Prog Energ Combust. 27 (2), 171-214. 
Schernikau, L. (2010). Economics of the International coal trade: the renaissance of 
steam coal. Springer: New York. Retrieved June 12, 2014 from 
http://books.google.com.my/books?id=2s4oiQMY650C&pg=PA35&dq=fixe
d+carbon+content&hl=en&sa=X&ei=iCCZU97LMIbd8AWn9IEI&redir_esc
=y#v=onepage&q=fixed%20carbon%20content&f=false 
Sengar, S. H., Mohod, A. G., Khandetod, Y. P., Patil, S. S and Chendake, A. D. 
(2005). Performance of briquetting machine for briquette fuel. Int J Energ 
Eng. 2(1): 28-34.  
Sheng, C and Azevedo, J. L. T. (2005). Estimating the higher heating value of 
biomass fuels from basic analysis data. Biomass Bioenerg. 28, 499-507. 
!
!
99 
Sing, C. Y and Aris, M. S. (2013). A study of biomass fuel briquettes from oil palm 
mill residues. Asian Journal of Scientific Research. 6 (3), 537-545. Asian 
Network for Scientific Information. 
Soltan, M. E and Rashed, M. N. (2003). Laboratory study on the survival of water 
hyacinth under several conditions of heavy metal concentrations. Adv 
Environ Res. 7, 321-334. 
Soom, R. M., Aziz, A. A., Wan Hassan, W. H and Mat Top., A. G. (2009). Solid 
state characteristics of microcrystalline cellulose from oil palm empty fruit 
bunch fibre. J Oil Palm Res. 21, 613-620. 
Speight, J. G. (2013). The chemistry and technology of coal. (3rd ed.) United States: 
CRC Press. 
Sun, Y and Cheng, J. (2002). Hydrolysis of lignocellulosic materials for ethanol 
production: A Review. Bioresour Technol. 83, 1-11. 
 
Supatata, N., Buates, J and Hariyanont, P. (2013). Characterization of fuel briquettes 
made from sewage sludge mixed with water hyacinth and sewage sludge 
mixed with sedge. Int J Environ Sci Develop. 4 (2), 179-181. 
 
Svenningson, P. J and Hosier, R. (1987). Biomass briquettes in the Dominican 
Republic Part II: Technical analyses. Biomass. 13, 275-291. 
 
Teixeira, S. R., Pena, A. F. V and Miguel, A. G. (2010). Briquetting of charcoal from 
sugar-cane bagasse fly ash (scbfa) as an alternative fuel. Waste Manage. 30, 
804-807. 
Tenaga Nasional. (2014). Energy security. Retrieved March 3, 2014 from 
www.tnb.com.my/nuclear/energy-security.html. 
Tester, R. F., Karkalas, J., Qi, X. (2004). Starch composition, fine structure and 
architecture. J Cereal Sci. 39 (2), 151-165. 
Tillman, D. A. (2000). Biomass cofiring: the technology, the experience, the 
combustion consequences. Biomass Bioenerg. 19, 365-384.  
!
!
100 
Tiwari, S., Dixit, S and Verma, N. (2007). An effective means of biofiltration of 
heavy metal contaminated water bodies using aquatic weed Eichhornia 
crassipes. Environ Monitor Assess. 129:253–6. 
Tripati, A. K., Iyer, P. V. R., Kandpal, T. C. (1998). A techno-economic evaluation 
of biomass briquetting in India. Biomass Bioenerg. 14 (5-6), 479-488. 
Van Dam, J. E. G., Van den Oever, M. J. A., Teunissen, W., Keijsers, E. R. P and 
Peralta, A. G. (2003). Process for production of high density or high 
performance binderless boards from whole coconut hush. Ind Crop Prod. 19, 
207-216. 
Verma, R., Singh, S. P and Ganesha, R. K. (2003). Assessment of changes in water 
hyacinth coverage of water bodies in northern part of Bangalore city using 
temporal remote sensing data. Curr Sci India. 84 (6), 795–804. 
Werther, J., Saengera, M., Hartge, E. U., Ogada, T and Siagi, Z. (2000).  Combustion 
of agricultural residues. Prog Energ Combust Sci. 26, 1–27. 
Wilson, J. R., Holst, N and Rees, M. (2005). Determinants and patterns of population 
growth in water hyacinth. Aquat Bot. 81, 51–67. 
Wu, C. Z., Yin, X. L and Yuan, Z. H., Zhou, Z. Q and Zhuang, X. S. (2010). The 
development of bioenergy technology in China.Energy. 35 (11), 4445-4450. 
Wu, M. R., Schott, D. L and Lodewijks. (2011). Physical properties of solid biomass. 
Biomass Bioenerg. 35 (5), 2093-2105. 
Yaman, S. (2004). Pyrolysis of biomass to produce fuels and chemical feedstocks.  
Energ Convers Manage. 45, 651-671. 
Yin, C. Y. (2011). Prediction of higher heating values of biomass from proximate 
and ultimate analyses. Fuel. 90 (3), 1128-1132. 
Yongliang, M. A, Kangfu. (2003). An experimental study on biomass coal 
briquetting process. Gale, J and Kaya, Y. (Eds). Greenhouse Gas Control 
Technologies, 2, 1829-1832. Elsevier Science Ltd. 
Yuhazri, M. Y., Sihombing, H., Nirmal, U., Lau, S and Tom, P. P. (2012). Solid fuel 
from empty fruit bunch fiber and waste papers part 1: heat released from 
!
!
101 
combustion test. Global Engineers and Technologist Reviews. 2 (1), 11-13. 
Getview. 
Zeng, X., Ma, Y and Ma, L. (2007). Utilization of straw in biomass energy in China. 
Renew Sust Energ Rev. 11, 976-987. 
 
 
!
